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[0001] 



This invention relates to filter systems, and more particularly 



to a filter system for a diesel engine utilizing a rolling regeneration diesel 
particulate trap. 

5 

BACKGROUND OF THE INVENTION 



engine 12. An exhaust line 14 is provided between the diesel engine 12 and 
the filter system 10. The filter system may include a housing 16 that 

10 includes at least a first section 18 and a second section 20. The first section 
18 typically includes a flow-through monolith 22 therein and wherein the 
flow-through monolith is coated with a catalyst such as platinum. The 
exhaust gas from the diesel engine 12 includes a variety of constituents 
including NO and particulate matter which typically is in the form of a 

15 carbon-based material. The catalyst on the flow-through monolith 22 

promotes the reaction of the NO with oxygen also present in the exhaust gas 
to form N0 2 . However, the reaction is not efficient enough to completely 
convert all of the NO in the exhaust gas to N0 2 . Thus, as shown in Figure 
1, both NO and N0 2 leave the first section 18 of the filter and enter the 

20 second section 20 of the filter system. The second section 20 typically 

includes a wall flow monolith 24 therein. Wall flow monoliths are known to 
those skilled in the art and typically are manufactured from a ceramic 
material in a manner to provide a plurality of through hole cells running the 
longitudinal length of the monolith. The cross-sectional area of these 

25 through hole cells is extremely small, on the order of 10 microns. Wall flow 
monoliths are capable of trapping 99+ percent of the particulate emissions 



[0002] 



Figure 1 illustrates a prior art filter system 10 for a diesel 
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from a diesel engine. However, wall flow monoliths can become plugged 
very easily due to the very small openings of the through hole cells. As 
shown in Figure 1, NO2 in the exhaust gas can be used to oxidize the carbon 
to form NO and CO, thus removing some of the particulate blocking the wall 
5 flow monolith. However, the amount of N0 2 present in the exhaust gas 

from the diesel engine or generated in the flow-through monolith 22 may not 
be sufficient to completely oxidize the particulate blocking the wall flow 
monolith. Accordingly, the engine must be operated in order to generate 
substantial amounts of N0 2 necessary to oxidize all the carbon and other 
10 particulate matter blocking the wall flow monolith. Otherwise, the wall flow 
monolith must be cleaned in another fashion. 

[0003] Thus, it would be desirable to provide a filter system for a 

diesel engine which resulted in the wall flow monolith being plugged less 
often and providing an alternative means for regenerating the trap. The 
15 present invention overcomes deficiencies in the prior art and provides 
alternatives and advantages thereto. 

SUMMARY OF THE INVENTION 

[0004] The invention includes a rolling regeneration diesel particulate 

20 filter and filtering process that reuses NO produced in the process to 
generate additional amounts of NO2. One embodiment of the invention 
includes a process including flowing diesel engine combustion exhaust 
through a filter system including a first and a second section. The first 
section is positioned upstream of the second section with respect to the flow 
25 direction of the exhaust. The first section includes a foam constructed and 
arranged to trap carbon-based particulates in the exhaust. A first catalyst is 
carried by the foam to promote the conversion of NO in the exhaust from the 
diesel engine to N0 2 . The N0 2 is used to oxidize particulates trapped by the 
foam to form CO and NO. The first catalyst or a second catalyst on the 
30 foam further promotes the oxidation of CO to C0 2 , and the oxidation of NO, 
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generated by the reaction of N0 2 with carbon, to generate additional N0 2 . 
The second section of the filter system includes a wall flow filter having a 
plurality of through hole cells formed therein running the longitudinal length 
of the wall flow filter. The wall flow filter is constructed and arranged to 
5 trap particulates in the exhaust and to promote the reaction of N0 2 and 
carbon to produce NO and CO. 

[0005] In another embodiment of the invention, the foam may include 

a ceramic foam made from A1 2 0 3 . 

[0006] In another embodiment of the invention, the ceramic foam 

10 may also include Zr0 2 . 

[0007] In another embodiment of the invention, the first catalyst may 

include platinum. The platinum may be coated on the foam in a loading of at 
least 25 grams per cubic foot of foam. 

[0008] In another embodiment of the invention, the foam may have a 

15 porosity ranging from 80% to 90% and higher. 

[0009] In another embodiment of the invention, the foam may include 

10 to 60 pores per inch. 

[0010] In another embodiment of the invention, the wall flow filter 

may include 25 to 300 cells per square inch of cross-sectional area of the 
20 monolith. 

[0011] In another embodiment of the invention, the filter system may 

include a housing. The first and second sections of the filter system may be 
carried in the housing. 

[0012] Another embodiment of the invention includes a rolling 

25 regeneration diesel particulate filter trap having a first and a second section. 
The first section is positioned upstream of the second section with respect to 
the direction of exhaust flow through the trap. The first section includes a 
foam constructed and arranged to trap carbon particulates in the exhaust. A 
first catalyst is carried by the foam to promote the conversion of NO in the 
30 exhaust flowing through the trap to N0 2 . The N0 2 is used to oxidize the 



4 

carbon particulates trapped by the foam to form CO and NO. The first 
catalyst or a second catalyst in the foam further promotes the oxidation of the 
CO to CO2 and the oxidation of NO, generated by the reaction of N0 2 and C 
to generate additional NO2. The second section of the trap includes a wall 
5 flow filter having a plurality of through hole cells formed therein running the 
longitudinal length of the filter. The filter is constructed and arranged to 
trap particulates in the exhaust and to promote the reaction of NO2 and C to 
produce NO and CO. 

[0013] Another embodiment of the invention includes a diesel engine 

10 exhaust filter system including a catalyzed foam filter and wall flow filter 
combination, wherein at least a portion of the wall flow filter surrounds a 
portion of the catalyzed foam filter and so that exhaust may flow through the 
catalyzed foam filter and then flow through the wall flow filter. 
[0014] Another embodiment of the invention includes a diesel engine 

15 exhaust filter system having a plurality of filter combinations, and wherein 
each filter combination includes a catalyzed foam filter and wall flow filter, 
and wherein at least a portion of each wall flow filter surrounds a portion of 
a catalyzed foam filter and so the exhaust may flow through the catalyzed 
foam filter and then flow through the wall flow filter. 
20 [0015] These and other objects, features and advantages will become 

apparent from the following brief description of the drawings, detailed 
description of the preferred embodiments, and appended claims and 
drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 illustrates a prior art diesel particulate filter system; 

[0017] Figure 2 illustrates a rolling regeneration diesel particulate 

filter system according to the present invention; 
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[0018] Figure 3 is a sectional view illustrating another embodiment of 

the present invention which includes a diesel engine exhaust filter system 
including a catalyzed foam filter and wall flow filter combination; 
[0019] Figure 4 is a sectional view illustrating an alternative 

5 embodiment of the invention wherein a plurality of catalyzed foam filter and 
wall flow filter combinations are received in the cavity of the exhaust 
conduit; 

[0020] Figure 5 is a perspective view of a diesel exhaust filter system 

with a single catalyzed foam filter and wall flow filter combination; 
10 [0021] Figure 6 is a perspective view of a diesel exhaust filter system 

with multiple catalyzed foam filter and wall flow filter combinations; and 
[0022] Figure 7 is a graphic illustration of the pressure drop due to 

soot (particulate) accumulation on wall flow filters versus ceramic foams. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] Figure 2 illustrates a diesel engine 40 connected to a filter 

system 42 according to the present invention. An exhaust line 44 is provided 
connected at one end to the diesel engine 40 and at the other end to the filter 
system 42. The filter system 42 may include a housing 46 enclosing a first 

20 section 48 and a second section 50. The first section 48 includes a foam 52 
having a catalyst carried by the foam. The term "catalyst carried by the 
foam" as used herein means a catalyst coated on, absorbed, adsorbed and/or 
embedded in the foam. A preferred catalyst is platinum. Preferably, the 
foam is made from a ceramic material such as A1 2 0 3 and/or Zr0 2 . The 

25 platinum is coated on the foam in a loading of at least 25 grams per cubic 
foot of the foam, and more preferably 50 grams or greater per cubic foot of 
the foam. The foam is constructed and arranged to have a porosity of at 
least 80% to 90% or greater. The foam preferably includes 10 to 60 pores 
per inch. The pores are open to provide a tortuous flow path for the diesel 

30 exhaust flowing through the foam. As a result, the catalyst on the foam 
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promotes the reaction of NO in the exhaust with oxygen (also in the exhaust) 
to form NO2. The foam also is constructed and arranged to trap particulate 
matter such as soot and carbon-based materials in the foam. The N0 2 
(present in the exhaust and generated by the reaction of NO and oxygen to 
5 form NO2) is used to oxidize carbon (particulate matter) trapped in the foam 
to form NO and CO. The catalyst on the foam also promotes the oxidation 
of the newly-formed NO (from the reaction of N0 2 and C) to provide an 
additional source of N0 2 than that which is present in the exhaust gases upon 
immediate exit from the diesel engine. The catalyst on the foam also 

10 promotes the reaction of CO and oxygen to form C0 2 and heat. 

[0024] The second section 50 of the filter system 42 includes a wall 

flow filter (or monolith) 54 which preferably is made from a ceramic 
material and includes a plurality of through hole cells formed therein running 
the longitudinal length of the filter 54. The filter 54 is constructed and 

15 arranged to trap particulate matter in the exhaust and to promote the reaction 
of N0 2 and carbon (particulate matter) to produce NO and CO. Preferably, 
the filter 54 includes at least 25 to 300 cells per square inch of a cross- 
sectional area of the monolith. The effluent line 56 exiting the filter system 
42 includes NO, CO, N0 2 and C0 2 . Additional filtering and purification 

20 operations may be conducted on the effluent 56 by downstream components 
(not shown). 

[0025] Figure 3 is a sectional view illustrating another embodiment of 

the present invention which includes a diesel engine exhaust filter system 100 
including a catalyzed foam filter 1 10 and wall flow filter 1 16 combination. 

25 The term "catalyzed foam filter" as used herein means a foam having a 

catalyst coated on, absorbed, adsorbed and/or embedded in the foam. The 
diesel engine exhaust system 100 includes an exhaust conduit 102 which 
naturally includes a cavity 104 through which exhaust from a diesel 
combustion engine flows from the combustion engine through the exhaust 

30 conduit 102 and is eventually expelled to the atmosphere. The system 100 
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includes the catalyzed foam filter 1 10 having open pores (as described 
above) and the wall flow filter 116 housed in the cavity 104 of the exhaust 
conduit 102. The wall flow filter 116 is preferably a single cell structure and 
includes a porous wall 118 that is spaced a distance from an inner surface 
5 103 of the conduit 102. Preferably, the catalyzed foam filter 110 and the 
wall flow filter 116 are both supported by a separator 106 that extends 
between inner surfaces 103 of the conduit 102. Preferably, the separator 106 
includes an opening 107 therethrough exposing a front face 108 of the 
catalyzed foam filter 110 so that exhaust gases may flow through the opening 

10 107 in the separator 106 and into the foam 110. The exhaust gases flow in 
the direction of arrows 121 from the diesel combustion engine flow towards 
the front face 108 of the catalyzed foam filter 110, through the catalyzed 
foam filter 110, and through a porous wall 118 of the wall flow filter 116 as 
indicated by arrows 122. Particulates are trapped by the catalyzed foam 

15 filter 1 10, and by the wall flow filter 1 16 in a space 120 between the 

catalyzed foam filter 110 and the wall 118 of the wall flow filter 116. The 
porous wall 118 may be any suitable material such as a ceramic, including, 
for example, alumina with 10 to 20 micron pore size and a porosity of 40% 
or greater. The wall 118 may have a thickness of 0.25 mm to 1 mm, and 

20 preferably 0.5 mm. The catalyzed foam filter 110 includes a longitudinal 
side (or sides) edge or peripheral edge 112 and a rear face 104. The side 
edge 112 and rear face 104 are each spaced a distance of about 2 mm to 
5 mm from the porous wall 118 of the wall flow filter 116 to provide the 
space 120 therebetween for the accumulation of particulates in the diesel 

25 exhaust gas. Preferably, at least a portion of the wall flow filter 1 16 
surrounds a portion of the catalyzed foam filter 1 10. In a preferred 
embodiment, the wall flow filter 116 surrounds the catalyzed foam filter 110 
along at least a portion of the longitudinal side edge 1 12 and the rear face 
104 of the catalyzed foam 1 10. However, it is also contemplated that a solid 

30 cap (not shown) may be provided adjacent the rear face 104 to force the flow 
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of exhaust gas out of the side edge 112 and not out of the rear face 104. A 
perspective view of a diesel exhaust filter system with a single catalyzed 
foam filter 110 and wall flow filter 116 combination is shown in Figure 5. 
[0026] Figure 4 is a sectional view illustrating an alternative 

5 embodiment of the invention wherein a plurality of catalyzed foam filter 110 
and wall flow filter 116 combinations are received in the cavity 104 of the 
exhaust conduit 102. Preferably, each of the catalyzed foam filter 110 and 
wall flow filter 116 combinations are supported by the separator 106 that has 
a plurality of openings 107 therethrough, one opening 107 for each of the 
10 combinations (110 and 116). A perspective view of a diesel exhaust filter 
system with multiple catalyzed foam filter 110 and wall flow filter 116 
combinations is shown in Figure 6. 

[0027] Figure 7 is a graphic depiction of the pressure drop versus 

particulate mass loading for a 100 cells per inch wall flow filter, a 200 cells 

15 per inch wall flow filter and a ceramic foam having a porosity ranging from 
80% to 90% and about 10 to 60 pores per square inch. As will be 
appreciated, a ceramic foam used according to the present invention has a 
pressure drop of about 1/10 or less than wall flow filters. This allows the 
present invention to incorporate a foam coated with a catalyst such as 

20 platinum thereon to be used to trap particulate matter, thus reducing the 

particulate loading on the downstream wall flow filter. Due to the tortuous 
flow path of the exhaust through the foam, N0 2 is generated in addition to 
the N0 2 present in the exhaust gas from the diesel engine. The additional 
N0 2 helps to oxidize carbon trapped in the foam and carbon trapped by the 

25 downstream wall flow monolith. As a consequence, the foam and the 

downstream wall flow monolith do not have to be cleaned as often to reduce 
particulate as prior art systems. 



